Preparation and characterization of compatibilized polypropylene / poly (acrylonitrile-butadiene-styrene) blends and nanocomposites by Ibrahim, Mohamad Al Hafiz
 PREPARATION AND CHARACTERIZATION OF COMPATIBILIZED 
POLYPROPYLENE / POLY (ACRYLONITRILE-BUTADIENE-STYRENE) 
BLENDS AND NANOCOMPOSITES 
 
 
 
 
 
 
 
 
MOHAMAD AL HAFIZ BIN IBRAHIM 
 
 
 
 
 
 
 
 
UNIVERSITI TEKNOLOGI MALAYSIA 
 
PREPARATION AND CHARACTERIZATION OF COMPATIBILIZED 
POLYPROPYLENE / POLY (ACRYLONITRILE-BUTADIENE-STYRENE) 
BLENDS AND NANOCOMPOSITES 
 
 
 
 
 
 
 
MOHAMAD AL HAFIZ BIN IBRAHIM 
 
 
 
 
 
 
 
A thesis submitted in fulfilment of the 
requirements for the award of the degree of  
Master of Engineering (Polymer) 
 
 
 
 
 
 
Faculty of Chemical Engineering 
Universiti Teknologi Malaysia 
 
 
 
 
 
 
OCTOBER 2013 
 
 
iii 
 
 
 
 
 
 
 
‘To my beloved parents and friends’  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iv 
ACKNOWLEDGEMENT 
 
 
 
 
In the name of Almighty Allah, the most gracious and merciful, with His 
gracing and blessing has led to success be upon this thesis. First and foremost, I 
would like to extend my thankfulness to my research supervisor, Prof. Dr. Azman 
Bin Hassan for his guidance, constant encouragement and ideas offered. I would also 
like to take this opportunity to thank my co-supervisors, Assoc. Prof. Dr. Mat Uzir 
Bin Wahit and Mrs. Munirah Binti Mokhtar for their motivation, helpful comments 
and excellent ideas.  
 
I would also like to express my gratitude to all the lecturers, the technicians 
and the staffs from Faculty of Chemical Engineering, UTM who have directly and 
indirectly assisted me in the experimental works and the preparation of the thesis.    
 
My special appreciation goes to my beloved parents, Mr. Ibrahim Bin Ahmad 
and Mrs. Esah Binti Mohamad, and my siblings for their inspirations and endless 
love during the research. I also wish to express my appreciation to all my fellow 
companions especially Izyan Yusoff, Waqina and Harintharavimal for being such a 
good motivators and supporters.  
 
Besides, this study may not be accomplished without financial support, 
therefore, I would like to acknowledge Ministry of Higher Education (MOHE) for 
providing me a financial research grant (FRGS Vot No: 4F060) and also to Universiti 
Teknologi Malaysia. 
 
 
 
 
 
v 
ABSTRACT 
 
 
 
 
Polypropylene (PP)/poly(acrylonitrile-butadiene-styrene) (ABS) copolymer 
blends containing organophilic layered silicates montmorillonite (MMT) 
compatibilized with polypropylene-grafted-maleic anhydride (PP-g-MA) were 
prepared by means of melt extrusion using twin screw extruder followed by injection 
molding in order to examine the mechanical, morphological and thermal properties 
of  the blends and nanocomposites. For PP/ABS blends, the loadings of ABS were 
varied from 20 to 50 wt% and the optimum formulation of 40 wt% of ABS was 
chosen based on the balance of stiffness and toughness which then compatibilized 
with 2, 4 and 6 phr of PP-g-MA. The nanocomposites were produced by the addition 
of 3 and 5 phr MMT into PP/ABS/PP-g-MA. The results showed that the 
incorporation of MMT in PP/ABS nanocomposites leads to higher stiffness but at the 
expense of toughness and strength. Meanwhile, the incorporation of PP-g-MA 
increased the stiffness and strength but the toughness was reduced. Morphological 
study revealed the two-phase morphology which was clearly visible for PP/ABS 
blend system. The dispersed phase of ABS was decreased as the amount of PP-g-MA 
increased. X-ray diffraction (XRD) and transmission electron microscopy (TEM) 
results showed the formation of nanocomposites as the MMT was intercalated by PP 
macromolecules. Incorporation of PP-g-MA has improved the degree of intercalation 
and hence resulting in better dispersion in PP/ABS. Thermogravimetric analysis 
(TGA) showed that the thermal stability significantly increased with the 
incorporation of MMT and further improvement in thermal stability was observed as 
the PP-g-MA was incorporated in PP/ABS nanocomposites. Differential scanning 
calorimetry (DSC) results showed that the degree of crystallinity (Xc) increased 
substantially with MMT content while maintaining its melting temperature (Tm). 
Further improvement was observed upon addition of PP-g-MA. Dynamic mechanical 
analysis (DMA) showed that the storage modulus increased with MMT content for 
compatibilized PP/ABS system compared to uncompatibilized system. 
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ABSTRAK 
 
 
 
 
Adunan kopilimer polipropilena (PP)/poli(akrilonitril-butadiena-stirena) 
(ABS) yang mengandungi montmorilonit (MMT) diubahsuai secara organofilik serta 
diserasikan dengan polipropilena-tercangkuk-maleik anhidrida (PP-g-MA) 
disediakan melalui penyemperitan leburan menggunakan mesin penyemperit skru 
berkembar dan diikuti proses acuan suntikan bagi mengkaji sifat-sifat mekanikal, 
morfologi dan terma nanokomposit. Bagi adunan PP/ABS, komposisi ABS diubah 
dari 20 sehingga 50 wt% dan komposisi optima 40 wt% ABS dipilih berasaskan sifat 
kekakuan dan kekukuhan yang seimbang kemudian diserasikan dengan 2, 4 dan 6 
phr PP-g-MA. Nanokomposit pula dihasilkan melalui penambahan MMT 3 dan 5 phr 
MMT ke dalam PP/ABS/PP-g-MA. Hasil menunjukkan bahawa penambahan MMT 
ke dalam nanokomposit menyebabkan peningkatan kekakuan tetapi menyebabkan 
penurunan kekukuhan dan kekuatan bahan. Sementara itu, gabungan PP-g-MA pula 
meningkatkan kekakuan dan kekuatan dengan penurunan kekukuhan bahan tersebut. 
Kajian morfologi pula menunjukkan pembentukan dua fasa morfologi untuk 
campuran PP/ABS dan pengurangan saiz partikel melalui pertambahan PP-g-MA. 
Keputusan pembelauan sinar-X (XRD) dan mikroskop pancaran elektron (TEM) 
menunjukkan pembentukan nanokomposit melalui interkalasi MMT dengan 
makromolekul PP. Gabungan PP-g-MA telah meningkatkan darjah interkalasi 
seterusnya menyebabkan penyebaran yang lebih baik di dalam PP/ABS. Analisa 
termogravimetrik (TGA) menunjukkan kestabilan terma meningkat apabila MMT 
dimasukkkan dan ianya meningkat dengan lebih ketara dengan gabungan PP-g-MA 
ke dalam nanokomposit PP/ABS. Kalorimeter pengimbasan pembezaan  (DSC) pula 
menunjukkan darjah pengkristalan (Xc) meningkat dengan kandungan MMT 
sementara suhu leburannya (Tm) pula dikekalkan. Peningkatan ketara dapat dilihat 
terhadap penambahan PP-g-MA. Analisa mekanikal dinamik (DMA) pula 
menunjukkan modulus simpanan meningkat dengan peningkatan kandungan MMT 
bagi sistem yang diserasikan berbanding dengan sistem yang tidak diserasikan.     
